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http:WHAT THIS PAPER ADDS
The beneﬁt of carotid endarterectomy (CEA) may be diminished by cranial nerve injury (CNI). However, the long-
term incidence of postoperative CNI remains unknown and limited data are available on its predictors. Using a
quality improvement registry, we identiﬁed the nerves affected, duration of symptoms (transient vs. persistent)
and clinical predictors of CNI.Objectives: The beneﬁt of carotid endarterectomy (CEA) may be diminished by cranial nerve injury (CNI). Using a
quality improvement registry, we aimed to identify the nerves affected, duration of symptoms (transient vs.
persistent), and clinical predictors of CNI.
Methods: We identiﬁed all patients undergoing CEA in the Vascular Study Group of New England (VSGNE)
between 2003 and 2011. Surgeon-observed CNI rate was determined at discharge (postoperative CNI) and at
follow-up to determine persistent CNI (CNIs that persisted at routine follow-up visit). Hierarchical multivariable
model controlling for surgeon and hospital was used to assess independent predictors for postoperative CNI.
Results: A total of 6,878 patients (33.8% symptomatic) were included for analyses. CNI rate at discharge was 5.6%
(n ¼ 382). Sixty patients (0.7%) had more than one nerve affected. The hypoglossal nerve was most frequently
involved (n ¼ 185, 2.7%), followed by the facial (n ¼ 128, 1.9%), the vagus (n ¼ 49, 0.7%), and the
glossopharyngeal (n ¼ 33, 0.5%) nerve. The vast majority of these CNIs were transient; only 47 patients (0.7%)
had a persistent CNI at their follow-up visit (median 10.0 months, range 0.3e15.6 months). Patients with
perioperative stroke (0.9%, n ¼ 64) had signiﬁcantly higher risk of CNI (n ¼ 15, CNI risk 23.4%, p < .01).
Predictors for CNI were urgent procedures (OR 1.6, 95% CI 1.2e2.1, p < .01), immediate re-exploration after
closure under the same anesthetic (OR 2.0, 95% CI 1.3e3.0, p < .01), and return to the operating room for a
neurologic event or bleeding (OR 2.3, 95% CI 1.4e3.8, p < .01), but not redo CEA (OR 1.0, 95% CI 0.5e1.9,
p ¼ .90) or prior cervical radiation (OR 0.9, 95% CI 0.3e2.5, p ¼ .80).
Conclusions: As patients are currently selected in the VSGNE, persistent CNI after CEA is rare. While conditions of
urgency and (sub)acute reintervention carried increased risk for postoperative CNI, a history of prior ipsilateral
CEA or cervical radiation was not associated with increased CNI rate.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Carotid endarterectomy (CEA) has been established as the
standard of care for long-term stroke prevention in patients
with severe carotid stenosis in an average risk population.1,2
Carotid artery stenting (CAS) has emerged as an alternative
to CEA, but the comparative effectiveness of these modal-
ities remains controversial.responding author. M.L. Schermerhorn, 110 Francis St 5B, Boston,
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//dx.doi.org/10.1016/j.ejvs.2013.09.022The advantage of a lower perioperative stroke rate with
CEA than with CAS may be somewhat offset by the added
risk of postoperative myocardial infarction (MI) and cranial
nerve injury (CNI) after surgery.3e5 However, the clinical
importance of CNI as a relevant safety endpoint is debat-
able.3,6e8 Although most postoperative nerve lesions seem
transient, the actual rate of persistent CNI following CEA
remains unclear.8e11 Postoperative CNI rates vary between
3% and 27%, depending on the observer, deﬁnition of CNI,
and study design.11,12 Prior studies have been limited to
single institution observations with small sample size and
highly selected surgeons or patients participating in ran-
domized controlled trials. Very few studies commented on
the patient characteristics or operative conditions associ-
ated with increased risk for CNI.11,13 Higher rates are often
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these studies were not designed to identify independent
predictors for CNI given its low event rate.14e16 Using a
large quality improvement registry reﬂective of real-world
vascular surgery practice, we aimed to (a) establish rates
of surgeon-observed postoperative and persistent CNI after
CEA, (b) identify the speciﬁc nerves at risk for injury, and (c)
identify clinical predictors for postoperative CNI.
MATERIALS AND METHODS
Database
We used prospective data collected by the Vascular Study
Group of New England (VSGNE). The VSGNE is a regional
quality improvement initiative developed by vascular sur-
geons in 2001, and currently involves over 180 physicians
(vascular surgeons, radiologists, and cardiologists) at 30
centers (14 academic, 16 community). The goal of this
cooperative group of clinicians, hospital administrators, and
research personnel is to continuously improve the quality,
safety, effectiveness, and cost of caring for patients with
vascular disease. Preoperative clinical characteristics, im-
aging studies, perioperative outcome noted at discharge,
and follow-up data are collected from eight vascular pro-
cedures (including CEA) and entered in the registry by
trained nurses or clinical data abstractors. Surgeons enter
operative details including complications. Research analysts
are blinded to patient, surgeon, and hospital identity.
Further details on this registry have been published previ-
ously and are available at http://www.vascularweb.org/
regionalgroups/vsgne. VSGNE data have been validated for
completeness using audits of discharge claims data from
each participating institution to ensure entry of all
patients.17,18Patients
Our study sample included all patients in the VSGNE who
underwent CEA between January 2003 and December 2011
for whom information on CNI was available at time of
discharge and at one later time point after discharge (nerve
injury recorded during surgical follow-up visit). This was
done to obtain a valid sample to determine CNI rate at
discharge and to assess the proportion of CNIs that resolved
or persisted after discharge.Endpoints and measurements
Primary endpoints were any CNI at discharge and the rate
of persistent CNI at follow-up for both symptomatic and
asymptomatic patients. The surgeon identiﬁed the clinical
manifestation of the nerve injury after surgery. A CNI will be
reported to the VSGNE if there was no palsy present before
surgery. Injury to the following nerves are distinguished:
facial nerve (VII), facial droop; glossopharyngeal nerve (IX),
swallowing difﬁculty unless other diagnosis conﬁrmed;
vagus nerve (X), hoarseness unless laryngoscopy normal;
hypoglossal nerve (XII), any tongue deviation or dis-
coordination. The VSGNE also records other “non-speciﬁed” cranial nerve injuries (e.g. accessory nerve [XI],
trigeminal nerve [V], or injuries to one of the above-
mentioned cranial nerves that were not further speciﬁed
during data entry). The real-world nature of our database
does not allow routine examination of patients post-
operatively by a neurologist or otolaryngologist to identify
CNI. Therefore, objective tests such as laryngoscopy for
vocal cord function were not used routinely and their use
was not recorded. Persistent CNI was identiﬁed by the
vascular surgeon and deﬁned as a CNI at discharge that was
not resolved at the time of the surgical follow-up visit. In
the VSGNE, the status of the CNI has to be entered in the
registry as a categorical variable during regular follow-up
visits, specifying “no CNI” versus “resolved CNI” versus
“persistent CNI”. Because no exact time to event is calcu-
lated for CNI at follow-up, the median time with corre-
sponding interquartile ranges (IQRs) to follow-up was
calculated. Although the VSGNE aims to collect follow-up
data at 1 year after the procedure, the time to follow-up
in the database varies between patients, reﬂecting real-
world practice. Symptomatic patients were deﬁned as
having preoperative ipsilateral cortical neurological symp-
toms prior to surgery.17 “Immediate reoperation” included
surgical revision after closure of the artery in the operating
room. Reasons for immediate reoperation may include
intimal ﬂap, debris, or residual plaque on completion im-
aging studies.19 “Return to the operating room” included
reoperations after a patient had left the operating room.
Causes for return to the operating room included neuro-
logic events or bleeding that required reintervention. The
surgeon performing the CEA made the designation of ur-
gent cases versus elective cases. Urgent cases may include
patients with stroke in evolution or crescendo transient
ischemic attacks (TIAs). This was reﬂected by the fact that
the vast majority of urgent cases were symptomatic and
admitted to the hospital preoperatively (as opposed to
same-day admissions) (Supplementary Appendix).Statistical analysis
Associations of preoperative patient characteristics, opera-
tive details, and perioperative outcome with postoperative
CNI were examined using the c2 test and the Fisher exact
test for categorical variables. To gain insight into factors
independently associated with CNI, all variables with values
of p < .2 in the previously described bivariate analyses were
used to develop a multivariable regression model. A
multilevel hierarchical model (data structure: patient, sur-
geon, center) was used to adjust for surgeon and centers
within the VSGNE.20 This type of modeling uses a random
intercept that accounts for all variable factors between
hospitals and surgeons in the VSGNE, including surgeon and
hospital volume.
Associations were calculated using manual elimination
procedures, in which all candidate variables were entered in
the ﬁrst step and removed stepwise based on the highest
non-signiﬁcant p value. A p value <.05 was considered
signiﬁcant. Odds ratios (OR) and corresponding 95%
4 M. Fokkema et al.conﬁdence interval (CI) were reported. SPSS version 20.0
statistical software (IBM, SPSS Inc, Chicago, IL, USA) was
used for statistical analyses.
RESULTS
Of all 9,362 patients undergoing isolated CEAs, 2,484
(26.5%) had missing data for CNI and were therefore
excluded from this analysis. Of those, 1% died (n ¼ 24)
during hospital admission and 14.9% (n ¼ 370) after
discharge. For the remaining missing patients (84.1%), CNI
information was not available at one later time point after
discharge due to lack of follow-up. We performed a sub-
group analysis of these excluded patients conﬁrming that
no important information on CNI was lost for the purpose
of this study. In particular, the CNI rate at discharge in these
excluded patients was similar to the CNI rate in our ﬁnal
study sample (n ¼ 136, 5.5%). This also had no impact on
the predictors for CNI.
In total, 6,878 CEAs (33.8% symptomatic) from 23 centers
performed by 104 surgeons were included. Median case-
load per center and surgeon were 85 and 27 respectively.
The mean age was 69 years (SD  9.3 years) and 60.2%
were men. A total of 152 (2.2%) patients underwent redo
surgery following prior ipsilateral CEA, and 88 (1.3%) had a
history of previous cervical radiation therapy (Table 1); 10%
of the patients were operated under locoregional anes-
thesia and 10% were urgent procedures (as opposed to
elective procedures). In 217 (3.2%) patients, immediate re-
exploration after closure was performed. Another 111 pa-
tients (1.6%) were taken back to the operating room for
neurologic events (TIA or stroke, n ¼ 26), bleeding (n ¼ 62),
Table 1. Bivariate associations of preoperative patient
characteristics with cranial nerve injury (CNI) of 6878 patients
undergoing carotid endarterectomy (CEA).
Total CNI p OR 95% CI
N % N %
Age >80 years 972 14.1 59 6.1 .45 1.1 0.8e1.5
Gender (male) 4,141 60.2 288 5.5 .83 1.0 0.8e1.3
Race (white) 6,778 98.6 376 5.5 .82 0.9 0.4e2.1
Ipsilateral
symptoms
2,325 33.8 148 6.4 .03 1.3 1.02e1.6
Smoking (prior
or current)
5,481 79.8 311 5.7 .39 1.1 0.9e1.5
Hypertension 6,034 87.8 354 5.9 <.01 1.8 1.3e2.7
Diabetes 2,090 30.4 106 5.1 .30 0.9 0.7e1.1
BMI .12
<18.5 205 3.1 13 6.3
18.5e24.9 1,822 27.4 123 6.8
25e29.9 2,591 39.0 138 5.3
30e34.9 1,346 20.2 67 5.0
35e40 472 7.1 23 4.9
>40 214 3.2 7 3.3
Contralateral
occlusion
417 6.1 28 6.7 .3 1.2 0.8e1.8
Previous radiation 88 1.3 4 4.5 1 0.8 0.3e2.2
Previous ipsilateral
CEA
152 2.2 8 5.3 1 0.9 0.5e1.9
Note. BMI ¼ body mass index; CI ¼ conﬁdence interval;
OR ¼ odds ratio.or unknown (n ¼ 23) complications after awakening from
anesthesia. Median length of stay was 1.5 days (IQR 0). At
30 days, the stroke rate was 0.9% (n ¼ 64) (symptomatic
1.2% [n ¼ 29] and asymptomatic 0.8% [n ¼ 35]) and MI rate
was 0.9% (n ¼ 63).
Cranial nerve injury
Overall, 382 patients had any CNI at discharge (5.6%).
Symptomatic patients had higher rates (6.4%) than
asymptomatic patients (5.1%, p < .05). The hypoglossal
nerve (injured in 185 [2.7%]) and the facial nerve (injured in
128 [1.9%]) were most frequently involved, followed by the
vagus nerve (injured in 49 [0.7%]) and the glossopharyngeal
nerve (injured in 33 [0.5%]). Another 0.5% (n ¼ 31) involved
unspeciﬁed cranial nerves. Of all patients, 296 (4.3%) had a
single deﬁcit, 42 had two nerves (0.6%), and 13 patients
(0.1%) had three or more nerves affected. Of the 382 pa-
tients who had a nerve injury at discharge, the deﬁcit
resolved over time in 88% (n ¼ 335). Only 47 patients
(0.7%) had a persistent injury at their follow-up visit (me-
dian 10.0 months, range 0.3e15.6 months). Median time to
follow-up for all patients was 12.1 months (range 0.3e
57.6). Lesions of the hypoglossal (n ¼ 7, 0.1%) and the facial
nerve (n ¼ 6, 0.1%) were the most persistent, followed by
the vagus (n ¼ 3, 0.1%) and the glossopharyngeal nerves
(n ¼ 1, 0.02%). Length of hospital stay was prolonged in
patients with CNI compared with those without (2 days vs.
1.5 day, p < .01).
Predictors for postoperative nerve injury
On bivariate analyses of preoperative patient characteristics
with CNI, no clinical relevant associations were identiﬁed
for CNI (Table 1). Urgent procedures, immediate re-
exploration and return to the operating room were asso-
ciated with increased risk for CNI (Table 2). Type of proce-
dure (eversion vs. longitudinal), shunt use, patch use (vs.
primary closure of longitudinal endarterectomy), and type
of anesthesia (locoregional vs. general) did not inﬂuence
CNI. Patients with a perioperative stroke within 30 days
(n ¼ 64, 0.9%) had increased CNI (23.4% vs. no stroke 5.4%,
p < .01). On multivariable regression, urgent procedures
(OR 1.6, 95% CI, 1.2e2.1, p ¼ .006), re-exploration (OR 2.0,
95% CI 1.3e3.0, p ¼ .004), and return to the operating
room (OR 2.3, 95% CI 1.4e3.8, p ¼ .004) were independent
risk factors for CNI (Table 3). Speciﬁcally, return to the
operating room for stroke or TIA was predictive of CNI (OR
4.8, 95% CI 2.1e11.2, p ¼ .002), while return to the
operating room for bleeding did not reach signiﬁcance (OR
1.6, 95% CI 0.8e3.3, p ¼ .3). In a subgroup analyses among
urgent cases, symptomatic patients had increased CNI
compared with asymptomatic patients (8.5% vs. 4.0%, OR
2.3, 95% CI 0.9e5.4, p ¼ .08). Among elective cases, a CNI
rate between symptomatic and asymptomatic patients was
comparable (5.7% vs. 5.2%, OR 1.1, 95% CI 0.9e1.4, p ¼ .4).
Because others have previously reported that prior radia-
tion therapy and redo CEA can be predictive conditions for
CNI, we forced them into our prediction model.15,16,21
Table 2. Bivariate associations of procedural variables and outcome with cranial nerve injury (CNI) of 6,878 patients undergoing carotid
endarterectomy (CEA).
Total CNI p OR 95% CI
N % N %
Anesthesia .60 0.9 0.6e1.3
General 6,189 90.0 347 5.6
Locoregional 689 10.0 35 5.1
Urgency .02 1.4 1.1e2.0
Elective 6,186 89.9 330 5.3
Urgent 692 10.1 42 7.5
CEA type .37 1.2 0.8e1.6
Longitudinal endarterectomy 6,226 90.5 341 5.5
Eversion technique 651 9.5 41 6.3
Shunt use .37 0.9 0.7e1.1
No 3,641 52.9 211 5.8
Yes 3,237 46.8 171 5.3
Patch use .32 0.8 0.5e1.2
No (primary closure of longitudinal
endarterectomy)
327 5.3 22 6.7
Yes 5,899 94.4 319 5.4
Drain .33 0.5 0.1e1.7
No 655 79.6 23 3.5
Yes 168 20.4 3 1.8
Re-exploration after closure 217 3.2 21 9.7 .01 1.9 1.2e3.0
Return to the operating room 111 1.6 16 14.4 <.001 2.9 1.7e5.1
Note. CI ¼ conﬁdence interval; CNI ¼ cranial nerve injury; OR ¼ odds ratio.
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variables: prior radiation therapy, OR 0.9, 95% CI 0.3e2.5,
p ¼ .8; and redo CEA, OR 1.0, 95% CI 0.5e2.1, p ¼ .9.Nerves at risk
In the situation of immediate reintervention after closure, a
signiﬁcant increased risk for vagus injury (n ¼ 6, 2.8%) was
identiﬁed. Patients who had to returned to the operating
room after surgery were at increased risk for facial (n ¼ 9,
8.1%), glossopharyngeal (n ¼ 4, 3.6%), vagus (n ¼ 5, 4.5%),
and other non-speciﬁed nerves (n ¼ 4, 3.6%), but not for
hypoglossal nerve (n ¼ 5, 4.5%) injury (Fig. 1). Urgent
procedures were not associated with speciﬁc nerve injuries.
DISCUSSION
The postoperative risk for any CNI was 5.6% among patients
undergoing CEA in the VSGNE. While most lesions were
transient, 0.7% of patients had a persistent lesion at their
follow-up consultation. Independent risk factors for post-
operative cranial nerve injury were urgent cases, immediateTable 3. Independent predictors for cranial nerve injury following
carotid endarterectomy.
Odds ratio 95% CI pa
Urgent casesb 1.6 1.2e2.1 .006
Immediate re-exploration 2.0 1.3e3.0 .004
Return to the operating room 2.3 1.4e3.8 .004
a Based on a hierarchical multilevel regression model accounting
for surgeon and centers within the Vascular Study Group of New
England.
b vs. elective procedures.re-exploration after closure, and return to the operating
room.
The reported frequency of CNI in the published literature
ranges from 3% to 27%.11,12 Variable study design (pro-
spective vs. retrospective), the use of objective measure-
ments (e.g. otolaryngeal examinations), the observer, and
variation in the deﬁnition of CNI (sensory deﬁcits vs. purely
motor injuries) contribute to this wide variability. Yet, cra-
nial (motor) nerve injury at discharge in the VSGNE (5.6%)
was similar to prior large studies, such as the New York
Carotid Artery Surgery study (NYCAS, 5.5%),22 the European
Carotid Surgery Trial (ECST, 5.1%),13 the North American
Symptomatic Carotid Endarterectomy Trial (8.6%),23 and the
Carotid Revascularization Endarterectomy versus Stenting
Trial (CREST, 4.7%).5 In the randomized trials, CNI was
identiﬁed by an independent stroke neurologist that was
not involved in the performance of the CEA itself, as
opposed to surgeon-observed CNI in the large registries
such as the NYCAS and the VSGNE. We found that symp-
tomatic patients had higher rates of postoperative CNI than
asymptomatic patients (6.4% vs. 5.1%), which was also seen
in CREST (5.1% vs. 4.3%). This can be explained by a high
CNI risk among symptomatic patients who underwent ur-
gent procedures (8.5%), which proved to be independent
predictor for CNI in our study.
Among the aforementioned studies, only the ECST re-
ported CNI rates beyond hospital discharge. The ECST
showed a persistent CNI rate of 0.5% at 4 months and 1
year.13 We found a comparable persistent CNI rate of 0.7%
at a median interval of 10 months, conﬁrming that most
lesions are transient.8,9 The transient nature of most lesions
suggests that the majority of CNIs are related to traction or
Figure 1. Cranial nerve injury per predictor. *p < .05.
6 M. Fokkema et al.cautery rather than transections.12,24 In CREST, CNI was not
associated with a sustained impact on quality of life at 1
year, but at 2 weeks CAS patients reported less difﬁculty
eating or swallowing than CEA patients.6 However, some
have suggested that the effects from a CNI can be likened to
having a minor stroke.3,7,8
Our results indicate that patients are at greatest risk for
CNI during times of surgeon stress, and that surgeons
should take particular care to protect speciﬁc nerves in
conditions of urgency, re-exploration, and return to the
operating room. In particular, the vagus nerve was at
greatest risk in re-exploration cases, while all nerves but
the facial nerve were at risk in patients who were taken
back to the operating room. Patients who returned to the
operating room for stroke had greater risk for CNI than
patients who were taken back for bleeding. The relation of
local complications (e.g. CNI) with stroke has previously
been shown.22
Only one prior study with preoperative and postoperative
examinations by an otolaryngologist reported on associa-
tions of speciﬁc nerves with patients or operative factors.11
They showed an overall CNI risk of 27% (51/190) at 2 days
after surgery and found that plaque extension >2 cm was
related to lesions of the vagus nerve (OR ¼ 3.5; CI 1.09e
12.3, p ¼ .03). The ESCT analyzed a limited number of risk
factors to identify predictors for all nerve injuries. Operation
longer than 2 hours was found to be the only predictive
factor (HR 1.56, 95% CI 1.31e1.81 per 30-minute incre-
ment).13 While others have previously reported an
increased risk for CNI after redo CEA and prior radia-
tion,14,15,25 in this study we did not. Theoretically, these
conditions can lead to more complex CEA procedures and,
therefore, CNIs may be more frequent.26 Reported causa-
tive factors include absent tissue planes in the diseased
vessel wall and (radiation-induced) ﬁbrosis.27 The condition
of the preoperative tissue in the cervical area could haveresulted in differences in patient selection (CAS vs. CEA),
and may possibly explain the difference with prior reports.
In reports prior to 1995, CAS was not readily available
and accepted for patients with a hostile neck due to
extensive radiation or prior neck surgery.21,25 In the current
era of carotid stenting, it is likely that those with the most
hostile necks are no longer selected for redo CEA.28
While the strength of the VGSNE database is its large size
and detailed clinical data, reporting bias is inherent to any
registry-based study and potentially leads to under-reporting
of events. Yet, the lack of follow-up data on CNI for several
patients in the VSGNE is most likely rather a data collection
issue then reporting bias, since the postoperative rate of CNI
in patients with and without follow-up data was similar (5.5%
vs. 5.6%). Our subgroup analysis also afﬁrmed that there was
no impact on the identiﬁcation of predictors. Therefore, it is
very unlikely that the subset of excluded patients due to lack
of follow-up will change the results of this study. The exact
time to recovery remains unknown due to the lack of follow-
up at set time points in the VSGNE. Our analysis was also
limited by the lackof a formal protocol including objective CNI
measurement at set time points. Therefore, it seems
reasonable that subtle nerve lesions may have been missed
and our rate of 5.6% could be underestimating CNI.24 Some
hoarseness may have been incorrectly ascribed to trauma
from endotracheal intubation rather than CNI because of the
lack of routine otolaryngoscopic evaluation. Since the rate of
CNI was similar for those undergoing locoregional and gen-
eral anesthesia, this is not very likely. The clinical assessment
of persistent injury to the vagus nerve also seems difﬁcult,
since patients are often able to compensate deﬁcits resulting
in a “normal” voice. On the other hand, it has also been
suggested that the use of objective methods may lead to the
inclusion of several asymptomatic deﬁcits with minor clinical
relevance.13,24 Therefore, we believe that the majority of
clinically relevant injuries are captured in the VSGNE and that
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practice.
As patients are currently selected in the VSGNE, persis-
tent CNI after CEA is rare. CNI is more likely in urgent
procedures and after re-exploration in the operating room,
or return to the operating room; while redo CEA and a
history of prior cervical radiation were not associated with
increased CNI rate.
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